(TMJD) involve orofacial pain and functional limitations that may limit important daily activities such as chewing and speaking. This observational casecontrol study attempted to identify factors associated with TMJD development, particularly inflammation. The study participants were patients treated at Karolinska University Hospital, Stockholm, Sweden. The cases were patients who received a diagnosis of TMJD, chronic closed lock, or painful clicking and were treated surgically during the period from 2007 through 2011. The control group was randomly selected from among patients who had undergone tooth extraction and was matched by age and sex. A total of 146 cases and 151 controls were included in the analyses. The response rate was 55.3% for the case group and 21.8% for the control group. The male:female ratio for patients with TMJD was 1:4.4. TMJD was significantly associated with pneumonia (odds ratio [OR], 2
Introduction
After chronic low back pain, temporomandibular disorder (TMD) is the second most common musculoskeletal condition resulting in pain and disability (1) . A TMD can have adverse effects on an individual's daily activities, psychosocial functioning, and quality of life (1) . Prevention is often suboptimal, and treatment sometimes results in adverse outcomes.
TMD localized to the temporomandibular joint is usually classified as temporomandibular joint disorder (TMJD). TMJD can be further classified as painful clicking (PC) or chronic closed lock (CCL) of the disc (2) . Patients with PC usually exhibit mechanical dysfunction of the disc in the TMJ. In contrast, the disc shows signs of degeneration in CCL patients (3) . There are a variety of treatment options for TMJD, including conservative and surgical procedures (2, 4, 5) .
Initial treatment is usually conservative and includes muscle training and often an occlusal splint for nighttime use. Surgical treatment is commonly used to improve jaw function and relieve pain after conservative treatment has failed. The surgical methods of choice are condylotomy or discectomy for PC patients and arthroscopy with lysis and lavage for CCL patients. If the patient does not improve, discectomy may be selected (2, 4) . Treatment commonly aims to restore jaw function and relieve pain.
Numerous predictors of TMJD development have been proposed (4, (6) (7) (8) (9) (10) . These include general joint hypermobility, orofacial trauma, and bacterial infection (7, 10, 11 ). Incidence appears to be higher in females (6) , and studies in mice indicate that gonadal hormones are involved in the inflammatory processes of TMJ cartilage (8) .
Previous studies suggest that autoimmune diseases, female hormones, trauma, and socioeconomic factors affect the risk of TMJD development (7, 9, 10) . A few studies have investigated socioeconomic factors and TMJD risk, but the results have been inconsistent. An American study (12) reported a positive association between TMJD and age but, surprisingly, not between TMJD and sex. A Dutch study yielded inconclusive results regarding associations with age, country of birth, and educational attainment (13) .
Better knowledge of the risk factors associated with this disorder would improve our understanding of why patients develop TMJD and lead to earlier diagnosis and more effective treatment. This hospital-based casecontrol study investigated the etiological role of prior general diseases, autoimmune diseases, and socioeconomic factors among patients who underwent surgical treatment for TMJD.
Materials and Methods

Setting
The Department of Oral and Maxillofacial Surgery at the Karolinska University Hospital is one of Sweden's leading departments in the field. Cases were collected from the Department of Oral and Maxillofacial Surgery at the Karolinska University Hospital, which treats all TMJD patients within the catchment area who require surgery. The controls were collected from the Department of Dental Medicine, Karolinska Institutet, Huddinge, Sweden, where both dental students and dentists treat patients. Ethical approval was granted by the Regional Ethical Review Board in Stockholm, Sweden (registration number 2013/1912-31).
Study design Selection of cases and controls
This hospital-based case-control study included patients treated surgically for TMJD. The cases were patients aged 18 years or older who had received a diagnosis of PC or CCL, according to surgical diagnostic criteria categories 3 and 4 (14) , and underwent surgical treatment during the period from 2007 through 2011. Criterion 3 indicates moderate TMJ changes and that most joint components are salvageable. Patients in this group can be treated with TMJ arthrocentesis or arthroscopic lavage. Criterion 4 indicates severe TMJ changes and that few joint components are salvageable. Patients in this group can be treated with TMJ discectomy or condylar surgery or both.
Before surgery, patients underwent conservative treatment such as muscular training and occlusal splints. All patients were identified through a hospital-based registry, which included all patient medical data. All patients admitted to the clinic for TMJD problems were coded according to the International Classification of Diseases, 10th Revision (ICD-10). All patients with an ICD-10 code of K07.6 during the study period were identified, traced, and included as cases in the analysis. However, the surgical schedule was used to follow all patients treated during the study period. Surgical treatments selected were arthroscopy, discectomy, condylotomy, and gap-osteotomy (EGA00, EGB00, EGB10, EGB99). Some patients underwent more than one surgical treatment during the study period, and some received more than one type of treatment. However, such patients were registered only once.
The control group was selected from among patients who underwent tooth extraction during the same period. We used the hospital-based medical record system to follow all patients who underwent tooth extraction. Eligible controls were patients who received codes for general extractions (401), complicated extractions (402), or surgical extractions (404X), as specified by The Dental and Pharmaceutical Benefits Agency (TLV). Diagnoses culminating in tooth extraction are periodontitis (3043), pericoronitis (3045), luxation (3061), dental fractures (3063, 3064, 3065, 4080), elongation (3151), dental caries (4001, 4002, 4011, 4012), or other conditions related to the pulp or periradicular tissues, such as pulpitis (3051). The ICD-10 has corresponding diagnostic codes for these conditions, namely, dental caries (K02.9), tooth fracture (S02.51), apical periodontitis (K04.4, K04.5, K04.6), and periodontitis (K05.2, K05.3). Three sex-and age-matched controls were randomly selected for each case, in 10-year intervals, to increase statistical precision.
Data collection
A structured questionnaire was designed in order to collect information on general patient characteristics, potential confounding factors such as education level and country of birth (Table 1) , and exposures of interest, including medical history, e.g., asthma, allergy, trauma, general joint hypermobility, previous orthodontic treatment, and headache (Table 2) . General joint hypermobility was defined as hypermobility involving joints in both the upper and lower extremities or undue laxity in 3 of 4 joint pairs (15) . The questionnaire was quite extensive and mainly consisted of items with yes/no answers.
Items that elicited open answers were not considered in the analysis. The section on asthma included an item asking if a physician had diagnosed asthma, in an attempt to validate the answer. The personal national registration number, a unique number assigned to all Swedish residents since 1947, was used to obtain the home addresses of patients at the Swedish Tax Agency (16) .
During autumn 2013, the questionnaire and a letter explaining the study, participation, and study purpose were sent by postal mail to all surviving study subjects in Sweden with known addresses. The responses were recorded in a database that was cleaned before statistical analyses. Two of the authors recorded the answers. The researchers responsible for sending out the questionnaires were blinded to participants' medical records.
Statistics
A power calculation was performed before the study. Findings from a previous pilot study (unpublished data) suggested an asthma exposure prevalence of 20% among cases and 10% among controls. With a power of 80%, 158 cases and 316 controls were needed for a statistical significance level of 0.05. The final sample comprised 276 cases and 732 controls, to allow us to analyze other risk factors with potentially lower exposure prevalences and to compensate for possible dropouts.
Associations between outcome and exposures were analyzed by using multiple logistic regression, and both crude and adjusted analyses were performed. The statistical model chosen controlled for age, by birth decade, and each decade was modelled as a dichotomous indicator variable. In addition, education level and birth country had each category modelled as dichotomous indicator variables. Sex was included as a dichotomous variable.
STATA 12 SE was used for all statistical analyses. A P value of less than 0.05 and an odds ratio (OR) with a 95% confidence interval not including unity were considered to indicate statistical significance. Figure 1 shows a flowchart of case-control recruitment. Addresses were not available for 12 cases and 38 controls, Fig. 1 Flow chart showing the number of subjects at each stage of the study. *3 subjects had hidden identities, 2 subjects had invalid social security numbers, and 7 subjects had invalid addresses. **9 subjects were excluded because of death, 1 subject had migrated, 3 subjects had hidden identities, 1 subject did not have a currently listed address, 3 subjects were listed as living abroad, and 21 subjects had invalid addresses.
Results
and 118 cases and 543 controls did not respond (response rate 55.3% and 21.8%, respectively). Thus, data from 146 cases and 151 controls were included in the analysis. The characteristics of the cases and controls are shown in Table 1 . The age distributions of the cases and controls were similar, and birth year ranged from 1921 through 1995. There were differences in ethnicity, and cases were more likely to report Sweden as their country of birth. Education level did not significantly differ between groups.
The associations of exposures with TMJD are shown in Table 2 . TMJD risk was significantly higher for patients with a history of general joint hypermobility (OR 3.8, 95% CI 1.5-9.5), orofacial trauma (OR 3.9, 95% Odds ratios with 95% confidence intervals. The results were derived from logistic regression analyses. Both crude results and results were adjusted for decade of birth, sex, level of education, and country of birth. *All respondents with allergy were considered, without regard to the specific number of allergies. CI 1.9-8.4), and tension-type headache (OR 3.1, 95% CI 1.8-5.5). In addition, TMJD was significantly associated with pneumonia (OR 2.1, 95% CI 1.1-3.9), asthma (OR 2.1, 95% CI 1.1-4.0), rheumatism (OR 2.5, 95% CI 1.0-5.9), and orthodontic treatment (OR 2.4, 95% CI 1.3-4.4).
TMJD risk was higher for patients with ear problems/ tinnitus, migraine, snoring, and muscle problems, but the differences were not significant. No covariate was associated with a significant decrease in TMJD risk.
Discussion
This hospital-based case-control study attempted to identify risk factors for TMJD. TMJD risk was markedly increased by both systemic and local diseases. In addition, in the sample that had undergone surgical treatment for TMJD, 80% were women. The preponderance of women in the present study is consistent with previous findings (6) . Attempts to explain female dominance among TMJD patients have identified several potential predisposing factors, including the effects of gonadal hormones such as estrogen, progesterone, and relaxin (17, 18) . These hormones are believed to have a degenerative effect on the disc and/or bone of the mandibular condyle.
The risks of asthma and allergies were higher among the cases than among the controls. The same proinflammatory cytokines found in allergic rhinitis secretion were observed in the condylar cartilage of the TMJ in mice, after being induced with estrogen (17β-estradiol) (8, 19) , which suggests that a specific immune response might be a common cause of these diseases. However, chronic disease might heighten anxiety or fear of signs of TMD, thereby increasing the likelihood of medical consultation and, thus, the risk of bias.
A previous study (9) , in the United States, reported that ethnic and socioeconomic factors were associated with TMJD development. However, the authors acknowledged the strong connection between ethnicity and socioeconomic status in that country. Therefore, putative associations of race, ethnicity, and culture with TMD risk are highly controversial.
A published case report and review from 2014 reported a possible connection between bronchiolitis obliterans organizing pneumonia (BOOP) and rheumatoid arthritis (RA) (20) . Clinical symptoms of BOOP include coughing and other pneumonia-like features; however, the term organizing refers to the growth of fibrous tissue in the lungs. BOOP was found to be a precursor of RA, which suggests that patients with rheumatoid factors or anticyclic citrullinated peptide antibody who have BOOP should be followed up carefully for development of RA. This is especially important during the first year after a BOOP diagnosis.
A study of RA and TMJD found an association between the severity of these conditions and periodontal disease and concluded that patients with advanced RA are more likely than periodontal disease patients without an RA diagnosis to have more-severe periodontal and TMJD problems (21) . The present study showed that TMJD risk was significantly associated with the presence of pneumonia and RA, thus further highlighting the importance of these potential risk factors.
Our finding that general joint hypermobility is a predictor of TMJD is consistent with the results of previous studies (10) . In addition, we noted a significant difference among patients surgically treated for PC/CCL and the control group before orthodontic treatment. Our results are consistent with those of some studies (22, 23) but inconsistent with those of other studies (24, 25) . Orofacial trauma is another putative risk factor that yielded inconsistent associations in previous studies (7) . We found that head and neck trauma was more frequent among the cases than among the control group. Another study reported the potential effects that different types of mandibular trauma and fracture have on TMD; however, the authors of that study maintained that the multifactorial etiology of TMJD makes it hard to isolate previous trauma as a sole cause of TMJD (26) .
The present cases were more likely to have tinnitus and ear problems, which are closely related to the anatomical region of the temporomandibular joint. Therefore, the origin of pain might be difficult to pinpoint. A recent retrospective study of otolaryngological symptoms such as earache, hearing impairment, sudden hearing loss, tinnitus, sore/burning throat, and vertigo in patients with TMJD found that the most common symptom was earache, followed by tinnitus (27) .
An analysis of comorbidities showed a clear connection between tension-type headache and TMJD (28) . Another study found a correlation between headache and TMJD and highlighted the connection to migraine (29) . Our findings showed a strong association between tension-type headache and TMJD. However, migraine was not identified as a risk factor.
In 2011, a US survey of 1511 TMJD patients reported that patients were predominantly female (90%) and that the average age of patients was 41 years. As compared with a control group, the patients more frequently reported headache, allergy, depression, fatigue, degenerative arthritis, fibromyalgia, autoimmune disorders, sleep apnea, and gastrointestinal complaints. Data from those participants were compared with information from the National Health and Nutrition Examination Survey and other studies (30) . The present results are consistent with these previous findings.
Potential limitations of this study include the relatively high percentage of nonresponders-44.7% in the case group and 78.2% in the control group-which could introduce selection bias. However, we have no evidence that nonresponse to our questionnaire was associated with any exposure or outcome and therefore do not believe that it affects the overall results and conclusions.
Recall bias is another concern. Patients with a history of illness might be more likely to recall information on potential exposures. We attempted to minimize recall bias by using a carefully structured questionnaire, but questionnaire studies are nevertheless subject to bias in recall and reporting. Furthermore, there is an obvious risk of bias in relation to the registration of answers, as the registrars were not blinded. However, the present data were based solely on yes/no questions, which likely decreased the risk of bias.
Another limitation is the timing of disease registration. Because this study was conducted postoperatively, patients might have been more likely to answer questions affirmatively, even if the disease or condition occurred after treatment. This would have led to incorrect registration of disease timing.
In conclusion, the present results strongly suggest that TMJD risk is higher among patients with certain systemic diseases than among healthy individuals. These systemic diseases share common causal pathways, including the inflammatory system. In addition, we found that external factors such as trauma and orthodontic treatment were correlated with TMJD. Finally, the comorbidities of headache and ear symptoms were associated with TMJD. Informing oral and maxillofacial surgeons of these possible relations might aid in diagnosis and monitoring, if warranted. The present results may lead to more-comprehensive studies of causal links, which could in turn yield substantial breakthroughs in the clinical management of these patients, for whom improved treatments are urgently needed. Future studies should investigate multimodal management, which might result in clinical and socioeconomic improvements.
